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(ii) Development of a multiplex ligase detection reaction/polymerase chain reaction 
(LDR/PCR) system for detection of gene amplifications and deletions in tumor biopsies. 

This study aims to develop a technology to investigate the amplification and deletion of several genes in a 
single assay. We have designed ligase detection primers for the following genes: SOD (on chromosome 21q), 
G6PD (on chromosome Xq), p53 tumor suppressor gene (on chromosome 17p), HER-2/neu (on 
chromosome 17q), and Int-2 (on chromosome 1 lq). Each set of LDR primers includes the same external "zip 
code" sequences, which will allow for proportional amplification of all five chromosome probes with a single 
pair of PCR primers. The method will be validated with genomic DNA samples from normal, and trisomy 21 
human males and females. Subsequently, cell lines with known HER-2/neu and int-2 gene amplifications, and 
p53 deletions will be used to test the sensitivity of this technique. The assay will be extended to frozen and 
fixed breast tumor material. Initial studies will investigate the 100 to 200 tumors to determine the feasibility of 
large scale studies correlating multiple genetic alterations to the clinical/biological behavior of breast cancers. 

We will use the Ligase Detection Reaction (LDR) in the first step of gene quantification to create 
artificial PCR templates (see Fig. 15). The LDR products will be in the same ratio as the genes from which 
they were derived, but will also have the same artificial PCR primer sequences (which we call "zip code" 
sequences) at their ends. Using only two PCR zip code primers, all of the LDR templates will be amplified 
together, maintaining proportionality. We will fluorescently label one of the zip code primers to allow 
quantification on a DNA sequencing apparatus. Because the LDR templates will include a restriction enzyme 
site at a unique position, restriction digestion of the PCR products will permit us to distinguish the products 
from different genes on the basis of their lengths. We will first test the technology by identifying the dosages 
of genes on chromosomes X and 21 in male, female and trisomy 21 DNA's. Investigations of deletion of p53, 
and amplification of HER-/neu and int-2 in breast tumors and cell lines will follow. 

(a) Design, synthesis and test of LDR/PCR oligonucleotides using known DNA samples. 
Oligonucleotides will be synthesized to recognize exons in SOD (on chromosome 21q), G6PD (on 
chromosome Xq), p53 tumor suppressor gene (on chromosome 17p), HER-2/neu (on chromosome 17q), and 
Int-2 (on chromosome 1 lq). These oligonucleotide primers have been designed so their ligation products 
have unique internal sequences, but the overall length and G+C content are identical (see Fig. 16). To 
minimize differences in ligation rates, the exon specific region of each primer set was chosen to ligate the 
junction sequence of (A,T)C>LC(A,T). This junction sequence corresponds to either a proline residue (codon 
CCN) or on the noncoding strand opposite a tryptophan residue (TGG). This particular sequence was chosen 
since tryptophan and proline residues tend to be conserved, and less likely to be a site of polymorphism. In 
addition, each sequence contains a single HaeHL or HinPll restriction site at slightly different positions. 
Adjacent to the internal gene specific sequences are "adjustment sequences" (white bars), which equalize 
product length at 96 bases and G+C content at 52%. The external sequences of all oligonucleotides will be the 
same and complimentary to a pair of "zip code" PCR primers that will amplify only ligated products and not 
human sequences. One of the zip code PCR primers will be fluorescently labeled, while the other will contain 
a biotin group. 
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Fig. 15. Quantification of gene amplifications and deletions using the ligase detection reaction coupled to the polymerase chain 
reaction (LDR/PCR). Following denaturation, pairs of LDR primers anneal to their complementary templates and are ligated. 
Conditions will be optimized to obtain equal ligation efficiencies for all primer sets. Ligation with Tth ligase will be performed 
at 65°C well below the primers' designed T m values of 75°C. All LDR products will be amplified simultaneously with Taq 
polymerase using two common "zip code" primers, thus maintaining proportionality. One zip code primer contains a fluorescent 
group, and the other a biotin group. Products may then be captured with streptavidin coated magnetic beads, washed, and digested 
with Haelll and Hin?\l to release fluorescently labeled fragments of unique size. These products may be separated on an ABI 
373A DNA sequencer, and their ratio will be used to determine the relative copies of genes present in the initial target sample. 
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Fig 16. LDR primers for quantification of gene amplifications and deletions. Oligonucleotides have been designed to recognize 
exon 8 in the p53 tumor suppressor gene (on chromosome 17p), exon 3 of int-2 (on chromosome llq), an internal exon w HER- 
2/neu (on chromosome 17q), exon 3 in SOD (on chromosome 21 q), and exon 6 in G6PD (on chromosome Xq). Each LDR 
primer pair has the following features: (i) The left primer contains from 5' to 3' an 18 base sequence idendcal to the 
labeled zip code primer (black bar), an "adjustment sequence" (white bar), and a gene-specific sequence of from 22 to 28 bases with 
a T m of 75°C (patterned bar), (ii) The right primer contains from 5" to 3' a gene-specific sequence of 20 to 25 bases with a T m ol 
75°C (patterned bar), a single Haelll or HinPU restriction site at slightly different positions within the gene-specific sequence, an 
"adjustment sequence" (white bar), and an 18 base sequence complementary to the biotinylated zip code primer (black bar), im) 
The adjustment sequences (white bars) are designed such that the combined length of the two primers is exactly 96 bases, with 50 
G+C bases and 46 A + T bases. The position of each unique restriction site generates a product which differs by at least 2 bases 
from the other products, (iv) The exon specific region of each primer set was chosen to ligate the junction sequence of 
(A T)CiC(A T) This junction sequence corresponds to either a proline residue (codon CCN) or the complementary sequence of a 
tryptophan residue (TGG). These sequences were chosen to minimize differences in ligation rates and chance of a polymorphism at 
the ligation junction. Sequences of oligonucleotides are available upon request. 

Ligation reactions will be carried out using test genomic DNA and the appropriate oligonucleotides 
(e g SOD and G6PD oligonucleotides for male, female, and trisomy 21 DNA's). Several ligation conditions 
will be tested to assure equal rates of ligation for each primer set. Ideally, ligations should go to completion, 
so initial ligations tested will be 10°C below the oligonucleotide T m value. The amount of ligation product 
may be proportionally increased by a few additional LDR cycles (1 to 5 cycles), but not so many as to have 
product inhibition of the ligation reaction. After ligation, Toq polymerase with the zip code primers will be 
added, and PCR amplification will be performed. (We are aware that one LDR oligonucleotide may also 
serve as a primer and the other as a template for polymerase extension. Although products from those 
reactions may hybridize to generate a substrate for further PCR amplification, such Products will not form in 
the abse nce of genomic DNA, and will be an insignificant percentage of the authentic LDR/PCR product.) 
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Products will be captured with streptavidin coated magnetic beads, washed of unreacted fluorescent primers, 
and released by digestion with HaeJH and HiriPll. This will yield fluorescently labeled fragments of different 
sizes which can be separated and quantified on an ABI 373 A DNA sequencer. The ratios of products will be 
determined using the Genescan 672 software. Multiple reactions will allow us to calculate means and 95% 
confidence intervals. As controls, different ratios of individual PGR amplified products will be mixed and 
diluted for LDR/PCR. To test for equal PCR efficiencies among the LDR products, a solution will be 
prepared with the LDR products in known ratios. By PCR amplifying from this solution and quantifying the 
products at different cycles we will be able to see whether the product ratios remain the same. It may be 
necessary to take samples after fewer rounds of PCR amplification to avoid skewing of the product ratios as 
the PCR reaction plateaus. 

The above protocol may be generalized to accommodate quantification of gene amplification or deletion 
at several dozen loci simultaneously, without the need for a conveniently placed restriction site. Following 
LDR ligation, the products are proportionally amplified using one unlabeled arid one biotinylated zip code 
primer. Products will be captured with streptavidin coated magnetic beads, washed of unreacted primers, and 
the DNA made single stranded by washing the beads in base. Addition of a molar excess of fluorescent zip 
code primer and several gene specific adjacent primers (containing different size tails) which hybridize on the 
single stranded product allows for quantitative (90% or better) ligation in the presence of thermostable ligase. 
Unreacted primers are removed by washing, and the ligated products released in a small volume of base. The 
fluorescently labeled ligation products will be of different sizes which can be separated and quantified on an 
ABI 373A DNA sequencer. Alternatively, the gene specific adjacent primers will contain array specific zip 
codes, which will be captured by the appropriate oligonucleotide or PNA addressable array, and quantified on 
a Molecular Dynamics Fluorimager 575 (See Project 5 and Core B.) 

The ability to simultaneously detect both small and large deletions has additional benefits for cancer 
research. By judiciously selecting genes from both the long and short arms of each chromosome, this 
LDR/PCR method could be used to generate a molecular karyotype. This could help identify additional loci 
associated with tumorogenesis. Once a broad chromosomal region is identified, the same LDR/PCR method 
could help develop a fine structure map of the region, analogous to the initial discovery of DCC [101]. 

In addition, small deletions or insertions of unpredictable size in tumor suppressor genes might be 
easily identified by synthesizing sets of LDR primers to cover every 6-10 bases in the coding region of the 
gene. (This will become more feasible as improvements in oligonucleotide synthesis instrumentation will 
allow for synthesis of dozens to hundreds of oligonucleotides at a time.) For example, in a literature survey, 
we identified 151 mutations in the APC gene of which 15 were insertions (9.9%), 52 were deletions (34.4%) 
and 84 were single base changes. All 67 insertions and deletions (44.3%) could be easily identified by using 
just 25 sets of LDR primers, and one set of zip code primers. The remaining single base changes could be 
identified by the standard PCR/LDR methods described in specific aim (i) above. 

(b) Sensitivity of quantification in mixed tumor/normal cell populations. The detection of X 
chromosome gene dosage in male and female genomic DNA's is a model for the deletion of a single allele in 
cancer cells. The additional chromosome in trisomy 21 genomic DNA mimics a 50 percent gene amplification. 
The sensitivity of our technology can be determined by examining these model situations and by mixing male 
and female and trisomic and normal cells. Quantification of LDR/PCR products from multiple reaction tubes 
will allow us to determine gene dosage with 95% confidence limits based on the t test. We will need to 
determine the number of observations (samples) required to achieve the appropriate confidence limits for 
detecting a single allele deletion or 50 percent gene amplification in half of the cells in a tumor. Initial 
experiments will use male, female, normal, and trisomic cells as well as mixtures of these DNA's (e.g. 
trisomic DNA diluted with normal DNA) to test a wide range of possible gene ratios. These studies will be 
extended to detect gene amplifications and deletions in previously characterized breast tumor cell lines. 
Dilution of cultured breast tumor cells with normal cells will also help us establish the limits of the LDR/PCR 
method. 

(c) Detection of gene amplification or deletion in frozen and fixed tissue. Our sample set of 100 to 200 
breast tumors will be investigated for deletion of p53, and amplification of HER-2/neu and/or int-2, compared 
to control genes SOD and G6PD by simultaneously amplifying LDR products from all these sites. Fixed 



PHS 398 (Rev. REDACTED Page 

Number pages consecutively at the bottom throughout the application. Do not Ho ;uch as 3a. 3b. 



Page 5 of 6 



Principal Investigator/Program Director (Last, first, middle} BAR ANY. Francis 



tumor specimens corresponding to the frozen samples will be examined to develop the technology for use on 
formaldehyde-treated, paraffin-embedded specimens. Bone marrow aspirate samples corresponding to these 
primary tumors have been investigated for micrometastases by immunohistochemical techniques. Many of 
them have also been characterized for HER-2/neu amplification by southern blotting [125]. The results of our 
studies of HER-2/neu and int-2 amplification in this tumor set will be correlated with the previously explored 
laboratory parameters and clinical prognostic parameters (e.g. primary tumor size, lymph node status and 
estrogen receptor status). We recognize that our p53 LDR primers have their junction in exon 8 at codon 278, 
and thus may fail to ligate when used on tumors containing a mutation at or near this codon. Such a result 
would be falsely interpreted as a p53 deletion instead of just a single base mutation. However, the 
interpretation of this data, namely, that the sample had lost afunctional p53 gene remains the same. 
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